Phosphorus removal in crop harvest has increased as yields have increased. Fertilizer P use guidelines are based on calibrations often developed for much lower yield levels and may need recalibration. Corn yields may be greater with higher than recommended soil test P when springs are relatively wet and cool. Research was conducted across 12 irrigated and five rainfed siteyears in Nebraska with initial Bray-1 P ≤ 11 mg kg -1 to evaluate P application strategies for yield and P uptake of continuous corn (Zea mays L.) with and without tillage. The fertilizer P treatments were maintained on the same plots and included: (i) no P applied (0P); (ii) P applied according to the university of Nebraska-Lincoln deficiency correction recommendation (uNL_P); (iii) P applied to replace P removed in the previous harvest (Replace_P); (iv) Bray-1 P increased and maintained at 25 mg kg -1 (Bray_25); and (v) Bray-1 P increased and maintained at 35 mg kg -1 (Bray_35). Interactions of P practice with other factors were not significant indicating consistency of P practice effects across varied climate conditions near planting and plant emergence. Grain yield was 9.3% and 0.89 Mg ha -1 more with the P-applied treatments compared with 0P. Grain yield was 3.3% more due to the additional 5.9 kg ha -1 yr -1 P applied with Replace_P compared with uNL_P. Grain yield did not differ for Replace-P, Bray_25, and Bray_35. Plant P uptake was on average linearly increased by 0.27 kg kg -1 P applied. Fertilizer P application for continuous corn should be by Replace_P.
P
hosphorus is the second most commonly applied nutrient in corn (Zea mays L.) production after N for the Corn Belt and Great Plains of the United States. Applied P is not subject to as many loss mechanisms as N, but loss of P to erosion and runoff, leaching to tile drains, and eventually movement to surface waters is of environmental concern (Wortmann et al., 2013) . The efficiency of use for applied P is generally less than for N during the year of application (Baligar et al., 2007) . Applied P contributes to the equilibrium of the various P pools; however, the eventual recovery of applied P equivalent can be high in the long term as indicated by soil test P increases with application rates near the P removal rates (McCallister et al., 1987) .
For more than 50 yr, the generally recommended approach to fertilizer P use decisions has been in consideration of results of a soil P availability test (STP) that was calibrated with crop response to applied P (Olson et al., 1954) . Many land grant universities developed P recommendations from correlation and calibration research. The interpretations of such results differ. Some states have a P recommendation strategy of deficiency correction, and others of building STP well above the critical value and then maintaining STP at this level by applying P to approximately match P removed in crop harvests. This build-and-maintain approach ensures adequate P in exceptional years with a crop yield benefit from STP greater than the critical level and allows skipping of P application in one or more years of high fertilizer P costs relative to grain value (Reetz et al., 1999; Randall 2009; Leikam et al., 2010) . Disadvantages of the build-and-maintain approach include delayed returns on the build investment and having more P available for movement by runoff, erosion, and leaching with movement to surface water bodies (Sharpley et al., 2001; Wortmann et al., 2013) . In Nebraska and some other states, the build approach was found to have less profit potential for the farmer compared with basing P rates fully on the results of the calibration research using a deficiency correction or sufficiency approach (McCallister et al., 1987; Olson et al., 1987; Wortmann et al., 2008) .
Efficient use of the deficiency correction approach requires regular soil testing, such as once every four years, to account for expected variation in STP (Shaver, 2014) . Use of STP results can be improved with occasional grid sampling and generation of P application prescription maps for variable-rate application. Concerns have arisen with the deficiency correction approach, such as the relevance of calibration results to current varieties and high yield situations, to current rotations and tillage systems, and to exceptional years such as with cool, wet springs when development of the root system is slow. The uptake of P is much greater in high yield situations, compared with the much lower yields that prevailed when the original calibration research was conducted, but high yield crops are also expected to have welldeveloped root systems and mycorrhizal associations for efficient P uptake (Marschner and Dell, 1994; Baligar et al., 1998) . Soil pH across the 34 site-years of Wortmann et al. (2008) ranged from 4.8 to 8.0 with no detectable pH effect on the response to fertilizer P relative to STP, adding to the validation of using calibrated STP for fertilizer P use decisions. This does not conflict with the effect of soil pH on P availability (Havlin et al., 2014) but implies that P application recommendations based on STP adequately account for the pH effect. Results of Wortmann et al. (2008) indicated a Bray-1 P (Bray and Kurtz, 1945) critical level of 20 mg kg -1 for continuous corn response to applied P under high yield conditions but a critical level of 12 mg kg -1 Bray-1 P for corn following soybean (Glycine max L.), possibly due to better corn root systems in rotation compared with monoculture. Based on this research, and in consideration of the current rates of P removal, the P recommendations for Nebraska were revised with on a higher critical level for corn sole crop than for the corn-soybean rotation (Shapiro et al., 2009; Shaver and Ferguson, 2014) .
There may be an advantage in some years to maintaining STP above the critical level, as indicated by results from latitudes more northerly than Nebraska. At Waseca, MN, corn and soybean yields were 14 and 28% higher, respectively, with Bray-1 P of 25 mg kg -1 compared with 7 mg kg -1 coupled with P applied as-recommended for the lower STP (Randall, 2009 ). Wager et al. (1986 found on calcareous soils in western Canada that large infrequent P applications compared with annual P applications resulted in higher wheat (Triticum aestivum) yield. The objective of this research was to determine if another fertilizer P management strategy is superior to the currently recommended deficiency correction strategy and if there is a corn grain yield benefit to maintaining soil test P at ≥ 25 mg kg -1 . The null hypothesis was that the current deficiency correction strategy offered more profit potential than other soil P management strategies for corn production.
MATERIALS AND METHODS
The research was conducted from 2011 through 2016 at three University of Nebraska-Lincoln research centers with continuous corn. The soil sampling protocol for each plot included deep sampling to 1.2 m initially in 0.3 m increments, with each sample composed of three 30-mm diameter cores. It also included surface soil sampling to a 0.2-m depth in 0.05-m increments with each sample composed of eight 17-mm diam. cores, in the spring of 2011 before any treatments were applied. In the fall of 2011, 2013, and 2015, the soil was sampled to 0.2 m in 0.05 m increments. In the fall of 2012 and 2014, the soil was sampled to 0.2 m as one sample. All soil and plant sample analyses were conducted by Agronomic Solutions Inc., Lincoln NE which included plotlevel composite soil samples. Extraction of P was by Bray-1 (Bray and Kurtz, 1945) and of bases by ammonium acetate. Soil organic matter was determined by lost on ignition.
The sites were selected for low Bray-1 P (Table 1) with initial mean Bray-1 P being 8, 8, and 11 mg kg -1 for the 0 to 20 cm depth at ENREC, HAL, and WCREC, respectively. There was stratification of Bray-1 P as commonly occurs with no-till and conservation till (Garcia et al., 2007) . Other soil chemical properties were determined for the 0 to 0.2 m depth with the initial sampling. After the initial determination of Bray-1 P and the P rates of 2011 determined for each plot, assuming, based on the authors' experience, that 5.9 kg ha -1 fertilizer P was needed for one mg kg -1 increase in Bray-1 P with the soil types at trial sites. Applications of P for subsequent years also occurred in the spring with rates calculated from soil test results and P removal in harvest of the previous fall.
The continuous corn trials were conducted for six years, except for soybean at HAL in 2016, with a split-plot randomized complete block design with tillage as the main plot factor and P management as the subplot factor. There were four replications at each site. Treatments were applied to the same experimental units each year. The subplot size was 4.6 m × 15.2 m. The main plot treatments were no-till and annual tandem disk tillage to approximately 10-cm depth. The P management treatments were: (i) no P applied (0P); (ii) P applied according to UNL recommendation for continuous corn (Shapiro et al., 2009 ; UNL_P); (iii) P applied to replace P removed in the previous grain harvest (Replace_P); (iv) Bray-1 P increased and maintained at 25 mg kg -1 (Bray_25); and (v) Bray-1 P increased and maintained at 35 mg kg -1 (Bray_35). The P application rates (kg ha -1 ) were determined as: 0P, no P application; UNL_P = (25-Bray-1 P [mg kg -1 ]) * 4.48 (kg ha -1 ) (mg kg -1 ) -1 ; Replace_P = grain harvest P of previous year (kg ha -1 ); Bray_25 = (25-Bray-1 P [mg kg -1 ]) × 5.9 (kg ha -1 ) (mg kg -1 ) -1 ; and Bray_35 = (35-Bray-1 P) (mg kg -1 ) × 5.9 (kg ha -1 ) (mg kg -1 ) -1 . The P application rate was determined for each plot. Fertilizer P was applied as triple super phosphate (0-20-0; N-P-K) which was broadcast applied before disking and planting in the spring.
The planting dates varied from 14 Apr. to 19 May and rainfall and soil temperatures for the 3-wk period beginning 1 wk before planting varied widely with the most adverse for germination and early growth occurring at ENREC in 2011 (Table 2) . Zinc sulfate was broadcast applied in the spring of 2011 at 4.5 kg ha -1 Zn, even though the soil test results indicated adequate Zn availability. Other management practices such as fertilizer N application, variety choice, plant population, and control of weeds and other pests were according to the management practices of the respective research sites.
Measurements included grain and stover biomass yield and P concentrations following physiological maturity, and grain yield.
A six-plant sample was collected following physiological maturity and the ears were separated and weighed in the field. The ears and stover subsamples were dried at about 60 °C, the ears were shelled, and grain and stover samples were weighed dry. The P concentrations in grain and stover were determined and P uptake in stover, grain, and whole above-ground biomass was calculated. Grain yield adjusted to 155 g kg -1 water content was determined from harvest of two center rows of at least 6-m length.
Statistical Analysis
Analyses of variance combined across locations and years were conducted with replications considered random effects using the Mixed Procedure of SAS (SAS Institute, Inc., 2011). 0.3-0.6 0.6-0.9 0.9-1.2 ---------mg kg -1 ---------ENREC ‡ 6.3 8.6 12.6 10.3 HAL 6.7 3.2 3.6 4.0 WCREC 9.6 6.1 7.4 4.5 † OM, soil organic matter; ENREC, the Eastern Nebraska Research and Extension Center; HAL, the Haskell Agricultural Laboratory; WCREC, the West Central Research and Extension Center. ‡ Bray-P was higher (P < 0.001) for the 0.6-to 1.2-m depth compared with the 0-to 0.6-m depth at ENREC. Treatment and interaction effects were cons idered significant at a = 0.05. ANOVA-protected LSD 0.05 means separation was conducted for some variables and LSD 0.05 values were determined for interactions. Linear regression was used for comparison of soil P test methods. An ANOVA across locations was used to test for differences in final Bray-1 P stratification in the 0 to 0.2 m soil depth. Metrics for P use efficiency were determined. Partial factor productivity was determined as the grain yield divided by the amount of fertilizer P applied (kg kg -1 ). Agronomic efficiency was the increase in grain yield relative to fertilizer P applied (kg kg -1 ). Recovery P was the increase in plant P content relative to fertilizer P applied (kg kg -1 ). The P harvest index was the ratio of grain P to total above-ground plant P content (kg kg -1 ).
RESuLTS

Weather Summary
Seasonal precipitation varied widely across site-years from < 250 mm to > 1000 mm, but was supplemented by irrigation at ENREC and WCREC (Fig. 1) . The total irrigation water applied at ENREC was 51, 159, 210, 108, 32, and 51 mm in 2011 , 2012 , 2013 , 2014 , 2015 , and 2016 , respectively. Irrigation at WCREC was 0, 384, 224, 138, 103, and 91 mm in 2011 , 2012 , 2013 , 2014 , 2015 , and 2016, respectively. There was no irrigation at HAL.
Variations in monthly mean minimum and maximum air temperature were reflected as growing degree day accumulation (GDD base 10 °C) (Fig. 2) . Mean April GDD was near zero for most site-years, especially in 2013. However, the earliest planting was 14 Apr and the April GDD under-represents GDD accumulation during late April when the rate of accumulation was higher compared with early April. April-May GDD were relatively more in 2012 compared with other years and relatively less for WCREC compared with ENREC and HAL.
Rainfall and soil temperature at the 0.1 m depth for the 21 d beginning 7 d before planting indicates some occurrences of weather-related stress level during germination and early plant emergence. The most stressful conditions were in 2011 at ENREC with high soil water indicated by the rainfall and low soil temperature (Table 2) . Soil temperature at WCREC was very low in 2013 but rainfall indicates soil water was well below field capacity. Other years had > 100 mm rainfall during the 21-d period, accompanied by relatively high soil temperature.
Soil Test Information
Soil at all locations was silty clay loam or silt loam with pH between 6.0 and 7.0, organic matter between 20 and 25 g kg -1 , and exchangeable K well above the critical level of 125 mg kg -1 (Shapiro and Frank, 2014) (Table 1 ). Initial Bray-1 P was < 11 mg kg -1 to a depth of 1.2 m at all locations except for greater availability for 0.6-1.2 m compared with 0-0.6 m depth at ENREC. Initial Bray-1 P was 40, 63, and 103% higher for the 0-0.05 m depth compared with the 0.1-0.2 m depth at ENREC, HAL and WCREC (Table 2 ). The total P applied over the 6 yr, average across locations, for UNL_P, Replace_P, Bray_25, and Bray_35 was 99, 118, 151, and 232 kg ha -1 , respectively, with relatively more applied at ENREC and relatively less applied at HAL compared with WCREC (Fig. 3) . Bray-1 P was increased at all locations with all P application practices, including for the rates of the UNL recommendation (Table  3) . Final stratification of Bray-1 P was less for disk compared with no-till and was less at ENREC compared with HAL and WCREC. The only significant tillage interaction effect on STP in 2015 was the tillage × soil depth interaction with Bray-1 P being 15% more for the 0 to 0.05-m depth and 25% less for the 0.05 to 0.10-m depth with no-tillage compared with disk tillage.
Yield and P uptake
Grain yield across site-years was on average 9.25% and 0.89 Mg ha -1 more with P applied compared with 0P, and was not affected by interactions of P practice with other factors (Tables 4, 5). Grain yield was on average 3.3% less with UNL_P compared with Replace_P and Bray_35. The tillage ´ location ý ear interaction occurred because grain yield was not affected by tillage at ENREC and WCREC, but yield was on average 7.4% more with disk compared to no-till at HAL. This effect at HAL was especially great in 2014 when disk yielded 2.5 Mg ha -1 more than no-till, but yield with disk compared with no-till yield was 1.5 Mg ha -1 less in the dry year of 2012. The mean stover yield across site-years was 8.79 Mg ha -1 and was affected by P practice but not by tillage nor interactions.
Grain P concentration was increased with P application but the effect was greater at WCREC than at ENREC and HAL with respective increases of 28, 9, and 18% (Table 6 ). The P application effect was also greater in 2015 compared with 2011, 2012, and 2013. The tillage × location × year interaction was due to higher grain P concentration with disk compared with no-till in 2012 at ENREC, 2012 at HAL, and 2014 at WCREC while P concentration was low with disk at ENREC in 2015 (Table 6 ). Concentration of P was not affected by tillage with other site-years.
Grain P content (kg ha -1 ) varied greatly with years ( Fig. 4 ) but was not much affected by tillage practice except for 19% more P content with disk compared with no-till in 2014 at WCREC. Grain P content was increased by a mean of 31% with P application. Grain P content was similar for treatments with P applied except at WCREC where P content was 12% more with Bray_25 and 18% more with Bray_35 compared with the mean of UNL_P and Replace_P.
The mean stover P concentration over all site-years was 5.81 mg kg -1 . The tillage x location x year interaction effect on stover P concentration was due to P concentrations with disk compared with no-till that were high in 2012 at ENREC and HAL but low in 2014 and 2015 at HAL (Table 4) . Stover P concentration was increased with P application by a mean of 49% but the P practice x tillage x location interaction was significant (Table 7) . The increases due to P application were 37 and 12% at ENREC and 82 and 101% at WCREC for disk and no-till, respectively, while the mean increase was not affected by tillage at HAL.
Mean stover P content was 5.55 kg ha -1 and was affected by two-way interactions (Table 4, 7). Stover P content was low at HAL compared with ENREC and WCREC (Table 7) . Stover P content was high with Bray_35 compared with other treatments with the exception for HAL where stover P content was similar for all treatments with P applied. The average increase in stover Table 3 . Bray-1 P (mg kg -1 ) initially and after fi ve years of treatment application as affected by soil depth, location, and P application according to 0P with no P applied, university of Nebraska-Lincoln recommendation (uNL_P), to replace harvest P (Replace P), and to build and maintain Bray-1 P at about 25 mg kg -1 (Bray_25), and 35 mg kg -1 (Bray_35). Bray-1 P in 2011 was from soil sampling in the spring before application of fertilizer P practices. 11.7 † The location × P practice × soil depth interaction affected Bray-1 P. The tillage × soil depth interaction was signifi cant for the 0-to 0.05-and 0.05-to 0.1-m depth where the respective Bray-1 P was 41.0 and 12.9 mg kg -1 for no-till compared with 33.8 and 15.5 mg kg -1 for disk tillage. ‡ The WCREC results were from 2013 sampling. P content with P application was 129% at WCREC but 40% at ENREC and HAL. Stover P content was high with Bray_35 compared with 0P in all years and compared with Replace_P and UNL_P in 2001 , 2012 . The mean increases in stover P content due to P application were 115% in 2013 and 2014 but only 48% in 2011 and 2012. The tillage × P practice interaction effect on stover P content was due to a higher P content with no-till compared with disk for UNL_P, but stover P was not affected by tillage for other P practices.
Total plant P content was not affected by tillage or tillage interactions but was affected the interaction of P practice with year and with location (Fig. 5) . Plant P content was increased in all years by P application. The P practice × year interaction was due to relatively small mean increases in total P content due to applied P in 2012 and 2013 compared with other years. Plant P content was most affected by Bray_35 compared with 0P in 2011 and 2015. Plant P content was increased more by P application at WCREC compared with ENREC and HAL. Plant P was greater with Bray_35 compared with UNL_P at WCREC and ENREC, but not at HAL. No-till 14.95a 10.92d-h 11.37c-e 10.18h-j 8.07m 14.04a
Haskell Agricultural Laboratory Disk 11.72bc 2.47p 9.80i-k 9.08l 11.58b-d Soybean
No-till 10.57f-h 3.80o 9.54j-l 6.61n 10.97d-g West Central Research and Extension Center Disk 11.02c-g 11.36c-e 9.29kl 10.77e-h 9.24l 12.13b
No-till 11.10c-g 11.21c-f 9.53j-l 10.55f-i 9.33l 12.39b P practice effect 0P § UNL_P Replace_P Bray_25 Bray_35
Overall 9.66c 10.29b 10.64a 10.45ab 10.66a † Means with the same letter for the location × year × tillage interaction and with the same letter for the overall P practice effect were not significantly different by LSD 0.05. ‡ Over all trials, grain yield was 2.5% more with disk compared with no-till. § The respective mean P rates (kg ha -1 yr -1 ) for the five P practices were < 1, 16.6, 20.0, 25.1, and 38.7. Table 6 . Corn grain P concentration (g kg -1 ) as affected by the location ´ P practice (L × P), the year ´ P practice (Y ´ P), and location ´ year ´ tillage interactions (L ´ Y ´ T) for three locations in Nebraska.
0P † uNL_P Replace_P Bray_25 Bray_35
LxP ENREC 2.80e ‡ 2.90c-e 2. 2015 2.46l-p 2.55k-o 2.61i-m 2.81h-k 2.83h-j 2.79h-k † 0P, no P applied and annual fertilizer P applications: according to the University of Nebraska-Lincoln recommendation (UNL_P); to replace harvest P (Replace P); to increase or maintain Bray-1 P at 25 mg kg -1 (Bray_35); and to increase or maintain Bray-1 P at 35 mg kg -1 (Bray_35). ‡ Means with the same letter within interaction means were not significantly different by LSD 0.05. The results from 2016 were excluded as soybean was planted instead of corn at one location. ‡ ns, *, **, and *** indicate no significant effect and a significant effect at P < 0.05, 0.01, and 0.001, respectively.
DISCuSSION
All sites had Bray-1 P ≤ 11 mg kg -1 initially with soil pH between 6 and 7, > 20 g kg -1 OM, and adequate availability of bases for the 0 to 0.2 m soil depth (Table 1) . Soil test P and stratification of available P increased with P application rate with generally less stratification with disk compared with no-till (Table 3) . Bray-1 P in the fall of 2015 with no-till compared with disk tillage was 21% more in the 0 to 0.05 m depth and 17% less in the 0.05 to 0.1 m depth.
Corn yield response to P practices was similar for all site-years with no site-years of greater responses to Bray_25 and Bray_35 compared with Replace_P such as with the unusually cool and wet spring conditions at NEREC in 2011 (Tables 2 and 4 ; Figs 1 and 2). This lack of P practice × location × year interaction, both with and without tillage, for yield, and for all P concentration and content variables, confirms that maintenance of high soil test P for corn is not likely to be economically justified for the 40.0 to 43.0° latitude range for elevations of < 1000 m asl. The value of maintaining high STP may be greater for higher latitudes (Wagar et al., 1986; Randall, 2009) , and maybe for higher elevations.
Yield was similar for Replace_P, Bray_25, and Bray_35 which had 9.6% more yield than the control (Table 5 ). Replace_P had 3.4% and 0.35 Mg ha -1 more yield than UNL_P with 30% or 5.9 kg ha -1 yr -1 more P applied ( Table 3 ). Given that additional P applied with Replace_P compared with UNL_P had an agronomic efficiency of 59 kg yield increase per kg of additional P applied, the Replace_P had greater profit potential than UNL_P. The lack of P practice × location × year also indicates that Replace_P is advantageous over UNL_P. Considering results of Wortmann et al. (2008) , however, Replace_P is not likely to be justified once Bray1-P is > 20 mg kg -1 .
Plant P concentration and content were affected by P practice. Plant P uptake was higher with more P applied with a more consistent P practice effect on stover compared with grain P content (Table 7 , Fig. 4 and 5). Partial factor productivity of applied P was 518, 412, 346, and 230 kg grain yield kg -1 fertilizer P applied for UNL-P, Replace_P, Bray_25, and Bray_35, respectively, with 1.24, 1.00, 0.83, and 0.57 kg P removed in grain harvest per kg P applied (Tables 5 and 6 , Fig. 3 ). The highest agronomic efficiency for fertilizer P was 37.9 kg kg -1 with Replace_P and the lowest was 21.6 kg kg -1 with Bray_35. The fertilizer P recovery was 36% for UNL_P and a mean of 27% for the other P-applied treatments. Soil test P for the 0 to 0.2 m increased over the five year with all P-applied treatments indicating that much P uptake occurred from depths > 0.2 m. Using the equation deter- Research and Development Center. ‡ 0P, no P applied and annual fertilizer P applications: according to the University of Nebraska-Lincoln recommendation (UNL_P); to replace harvest P (Replace P); to increase or maintain Bray-1 P at 25 mg kg -1 (Bray_25); and to increase or maintain Bray-1 P at 35 mg kg -1 (Bray_35). § Means with the same letter within interactions are not signifi cantly different by LSD 0.05.
mined for silt loam and silty clay loam soil in Nebraska with total P (mg kg -1 ) = (164 + Bray-P1)/0.42 (Wortmann and Walters, 2006) (Table 2 ) and assuming a mean bulk density of 1.2 Mg m -3 , total P for the 0-to 0.2-m depth increased with Replace_P by 32.5, 42.3, and 39.6 kg ha -1 for ENREC, HAL, and WCREC, respectively. The mean amount of P applied over five years with Replace_P was 129 kg ha -1 (Fig. 3) and the mean amount removed in grain harvest was 123 kg ha -1 (Fig. 5) . Therefore, on average about 26% of plant P uptake was from soil depth > 0.2 m. Soil test P to 120 m depth was determined at HAL in 2016 only but there were no P practice differences at > 0.3-m depth. The P harvest index (%) was 83.7 for 0P, 82.6 for UNL-P, 81.6 for Replace_P, 79.6 for Bray_25, and 76.2 for Bray_35 demonstrating decreased efficiency in allocation of plant P to grain as soil P availability increased.
CONCLuSIONS
The results do not give an agronomic justification for maintaining soil test P for the 0 to 0.2 m depth at levels near or above a critical level of Bray-1 P of 15 mg kg -1 for high continuous corn yield production. There may be economic justification due to opportunity with high STP to avoid P application occasionally when fertilizer P costs are exceptionally high relative to corn grain value. Tillage practice is not a consideration for fertilizer P application decisions. Grain P concentration increased with STP which may be of nutritional benefit or may be seen as a problem due to additional manure P excreted by livestock. Fertilizer P application for corn should be by Replace_P rather than the current UNL_P when Bray-1 P is < 20 mg kg -1 for the 0.0-to 0.2-m soil depth. When Bray-1 P is > 20 mg kg -1 , Replace_P should be withheld in some years for profit purposes and to avoid excessive surface STP and P loss to runoff. Approximately 26% of plant P uptake appears to be from below 0.2-m depth and gradual depletion of this P source may eventually require maintenance of higher STP in the 0-to 0.2-m soil depth
